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IIWRODUCTION 

At the request of fne iviaturiu" Cor,;aand, Army Air Forces, tests 
were made in the Langley tTO-dimensional tunnel of four models sub- 
mittpd by the Glenn L, ifertin Company as intermediate sectxons oi tne 
vnn- of tlie XB-33 airplane. The models were of 2h-inch chord and 
vfere constructed of wood with pressure-distribution orifices.^ The 
models vrere identified by station numbers of 250, U30, ana 620, 
respectively, of the wing of thc-XB~33 airpls.ne, Thic vang is . _ 
formed by fairing between an NAGA 63', 2-222 a - 1 root sec'^ion ana 
an NACA 6,^,2-[il5 a = 0.5 tip section. 

Sections number 35 and U30 ^rere represented by simple airfcil 
models Tdthout flaps. 

Section number 250 w:;s represented by a model complete rith 
slotted flap. Tests on this secti:)n included lift, drag, anci 
pressure-distribution measurements rath various flap deflections. 
Several alterations of the flap and several alternate flap positions 
were tested to obtain iiiproved flap chr^.racteristics. 

Section number 620 was represented by a model mth alternate 
ailerons of the Frise and internal -balance tyi^es. Tests of this 
section included lift, drae, hin.^c-moment and pressure-distribution 
measurements vrith various deflections of. each aileron. The aileron 
hinge moments were obtained by integration of pressure di.r.tribuLiorxB 
over the ailerons. 

Most 0^ the data were obtained at a Reynolds number of approxi- 
mately 6 million althoudi some data v/ere obtained at approximately 
•3 and 10 million. The large nuir^ber of pressure-distribution diiagrams 
obtained are not presented in this 'report.. 



JffiTHODS' 



Lift and di'ar measnreT^Gnts "^vere inade by the inethods described 
in reference 1. The moment coefficients :^re3entcd v;ere obtained by 
intef^ration of the diagrairi-: obtair^ed by plotting t'le pressures against 
the projection of the orifice .locations on the chord line. These 
moment coefficients accordingly do not contain the component of 
monent associated T/ith. -the chord force. 

Aileron hingo-moraent coefficients were obtained from pressure- 
distribution moasurenients* In tliis case tvo diap^rams were integrated 
to obtain each noraent coefficient, the pressures bein^ dotted, 
respectively, against the orifice pro j^-^ctions on thv? reference line 
and on a lino pernendicular to the reference linOo In sone cases, 
es«3eciall3' for negative deflections of the Frise aileron, the orifices 
•\'vere not located suXf iciently close together to define adequately the 
pressure distribuuion thus introducing a possible error in the hinge- 
rpoinent coefficients. 
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At the tiine this report i^as rn.-i^lnally published, so^.e nf trie 
corrections required for reducing t'-^e test datr to free-air con-- 
ditions had not been determined. The values of section lift 
coefficient c^ (fi^s. It? U) for the models corresponding to 
stations C5 and li30 should be ccrrected by the equation' 

c^ ■ r: 0.965 -i- 0.007 

(cor?"C:Cted ) 

The section lift coefficients of the model 'corresponding to 
station 2^0 (fi:ysa 6 to 3 aiio. figs Hi to l8) -hould be corrected by 
the equation 

c^ 0^: Ct K 

(cov]-icted) 

whore the values of. K arc 0.005 0^02^ C.o;;, and O.Oh for flop 
deflections of 0^, 20^, 30^, ?nd hO^, respcctivr^:^ 

The section lift coeiricients of the m-o.el c-^-^r^^;: ponding to 
station 620 (fi::s. 20 to 22 and fi^s„ 2h to 26) should be corj^ected 
V;y the equation 

c, - Co965 c, + 0.030 c, 

(correcteaj ctcl^ 

T/Tlie^-^e c, is the section lift c-cf:^icient at an an^rle of attack of 
^a=l^ 
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K^SULTS kim DISCUSSION 



stati ons 8^ and 13 0^- Lift and dra£; data obtained for the models 
represent in:: wing sections at stations l^^ imd L30 are presented in 
f igiires 1 to "-he lift characteristics of 1.he two sections are 
sinidlar except that the thinner outboard section shows an appreciably 
hiiV'har maximrra ].iit coefficient than the inboard section at the 
hi^-hest Reynolds number (fii^s* 1 and 3). Also presented in figures 
1 and 3 are the inoiaent coefficients associated v.dth the normal -force 
coefiicionts as obtained from pressm^e distributions • The minrnun 
drag coefficients of the two sections (figs. 2 and U) are nearly the 
same, aatsirie the low-drag ran^e the drag coefficients increase 
rapidly vdth lift coefficient. Recent work (reference 2) indicates 
that sections ac thic^.: a:.^ that at station 85 are critical to separation 
when accidentel?uy roughened and tliat such sections may he.ve drag 
coefficients so high (fig. 3 of reference 2) when rough as to seriously 
effect flight at cruising l:lft coefficients. These data indicate the 
desirability of reducing the thicteess ratio of the .root section. 

Station 2gO ,- The model which represented the wing section at 
station 2>0 v;as equipped vdtii a slot bed flap as shcwm in figure .^j. 
The flap arran^^ement was such as to leave a £.ap in the lower surface 
when retracted. Lift and drag characteristics for th.e model are^ 
nresented in fi-ures 6 and 7 for flap deflections of 0^, 20-% 30 , 
and UO^, For the flap-retracted condition, tests were made with the 
slot scaled to prevent flow through it iTithout change in external 
contour. 

The maxiMum lift coefficients for flap deflections of 30^ and 
UO^ were nearly the s^rae, about 2,7 (figc 6), The drag with the gc?p 
open, flap retracted, v/as hifsh (fi>j. 7) and the data showed consider- 
able scatter which is thout:;ht to be associated irith spanmse. flow cf 
low-energy air in the gap into oi' away from the sui-^/ey plane, even 
though dams w^ere placed in the gap to prevent such flow from extending 
very far alori^ tl\e span. This condition resulted in variation of the 
measured dra^j coefficients along the span. The drag cuT-^e in fi.gure 7 
is dotted to^ indicate the estimated drag coefficients. 

Several alternate flap positions -.rero tooted with the flap 
deflected 30^ to study the effect of flap position on maximum lift. 
The results are presented in f injure 6, The ila.p was moved parallel 
. aiid perpendicular to the airfoil chord line f roiQ the origina]. position 
by amounts shovni in figure 0 in fractions of the airfoil chord. The 
best position was foimd to be OoOlc hi^lier than and 0,00.5c ai*t of the 
original position. The maximum lift coefficient in this position 
was '2.8. 



Several mcdifi cations of the flap as shoivn in figures 9 to 13 
w^ere tested to determino tbeir effect* 

Condition A (fig. 9) represented a brafer of rubber or other 
material inserted in the slot in such a manner as to seal it v.dth 
the flap retracted. This modification cai?.sed little change in lift 
characteristics (fig. ll;) ^■nd small changes in drag (fig. 7) vrith 
the flap deflected 30^. 

Condition 3 (fig.lC) represented a condition vAth a filler 
block to fair out the gap in the lorer surface vrith flap retracted. 
This condition was represented b}^ filling the gap rd.th modeling clay 
with flap retracted and by a properly sliaped piece of wood \rith flap 
deflected. This condition did not change the lift characteristics 
vdth flap retracted (fig. 6) and reduced the drag coefficient^ flap 
retracted, by about 0.001 in the low-~drag ran^e as compared v/ith the 
original condition, gap open and slot sealed (fi^;. 7). The drag in 
this condition v/as practically that to be expected for the plain ad.r- 
foil. The maximum lift, hoi.'ever, T:as veir/ Iot; vilth flap deflected 
in this, condition (fig. 1)4)* indicating the need of a door to close 
the gap with this type of flap. 

Conditions C and D (fi^s^ H ^^nd 1?.) represent attempts to 
reduce the drag TrLth flap neutral without the nse of a dooi- by 
reducing the size of the gap. The results showed that the filler 
blocks did not reduce the dra.^^, flap retracted (fin. 15)., and caused 
losses in ma::imum lift coefficient (fi^rt In). 

Condition E (fig. 13) "^-'as a modification of tho slot entry by 
cutting it back to an an^lo of 53^ from the chord line vdth no radius 
at the intersection -\nth the lower surface. Condition F Y/as the same 
as Condition E vlth the addition of a shutter such as mirrht be used 
to revolve and close the gap writh the flap retracted. These modifi- 
cations wore tested mth the flap deflected 30^ in the position 
previously found to be best {f±{r. &)• The lift characteristics 
obtained are s}ioY/-n in figuxe 16. The ma>:rmum lift obtained vo.th 
either modification was about the same as' for the original condition 
vdth the flap in the best position (fij. 8). The drag characteristics 
of Condition's, vrith flap deflected 30^, are similar to those for 
the original condition (figs. 7 and 17), but the addition of the 
shutter (Conuition F) caused an appreciabl-:) increase in drag at lift 
coefficients below about 1.7 (fig* 17). Trie scale effects on the 
lift characteristics vdth fl^p retracted and deflected 30^^ in the 
original condition, but in the best position found, are shown by the 
lift curves of fir;ure lO. Th^e maximum lift coefficient, flap deflected, 
increased from about 2.0 to 2.9 vrith in increase in Reynolds numiber 
from, about 6 to 10 million. 
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station 620 ,- The model representing station 620 was fitted r/ith 
tvro ailerons, one of -which was ol' the Frise type (fig. 1?). Lift 
and drao: characteristics of this r.oael with various deflections of the 
Fri35 aileron a-re presented in figures 20 and 21. Hinge moment::, 
obtained from pressure-distribution measurements and cro.'^,s plot:-: of 
lift coefficients against aileron deflection at various angles of 
attack are shoim in fi.'^ure 22. Complete hinge-moment coefficient 
curves were obtained only at angles of attack of 2.2^ and llu5'^ 
The acciiracy of the hinge-nio::ient coefficients is somewhat doubtful, 
especially for negative aileron deflections, because the aileron 
contained too fevf pressure or: f ices to adequately describe the pressure 
distributions. 

Tiie other aileron was vV? the inteinal -balance type (fig. 23), 
and data simlar to that obtained for the Frise aileron were originally 
obtained before test of the Frise aileron. The model v:as later re- 
asseiabled wi.th the internal-balance aiDeron and retested to obtain 
the more nearly comDlete data presentc^d in figures 2a to 26. The 
accuracy of the hinge-moment data for this ailei^on is believed to be 
better than for the Frise aileron because the pressure distributions 
were better described by the pressure orifices. 

The hinge-moment coefficients presented for the j nternal-balance 
aileron contain an estimate of the balancing moment resulting from 
the seal or curtain. This fnoment was assumed to be equal to that 
res^jlting from the applications of a force at the point of attachm.ent 
of. the cuartain to- the aileron. This force i-ras assumed to act at an 
arm of O.^OUC^ (fig. 23) and to be equal to 

.18C^^ 

vrhej-e Ap was the pressure difference across the seal {fi;::. 23 )• 

The tv'o ailerons are of about equ.al effectiveness (figs. 20, 22, 
2li, and 26). The shift of the lift curve for the internal-balance 
aileron as compared •v\dth tlio Frise aileron (figs. 20 and 2h) is 
ascribed to warpage of the model before the retcst of the internal- 
balance aileron. The first tests vdth this aileron did not shovv- such 
a shift. It is thought that general conclusions, v/ith respect to 
hinge moments and effectiveness, are not seriously affected by this 
change in the model. 

The drag coefficients for the Frise aileron are about 10-percent 
higher than for the internal-balance aileron in the lovf-drag range, 
aileron neutral (figs. 21 and 2^). 
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The hj.nge-moment coefficients for tho Frise aileron' ("fii^-. 22) 
shoY/ t\ui topical tendencj'' to overba?i.ance for negative deflections 
anc. rather large unbalancing^ moments for positive deflections. The 
hinge -^.oraent coe|*f icients for the internal-balance aileron (fig. 26) 
ax"'?, generally smaller than for the Frise aileron and show a 3li[;ht 
tondjncy to overbalance for certain combinations of aileron 
deflection and aru;-le of attack. The rate of change of hinge -rroinent 
coefficients vrlth anf;:le of attack is sr.aller for the internal-balance 
aileron than for tho Frise aileron. 



Lans'ley Jieinorial /lerona^itical Laborator?/-, 

National Advisory Committee for Aeronautics, 
Langley Field, Vr,., June I, 19h?. 
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Glenn L. Martin Company Model 
Intermediate section, XB-55 

airplane, Sta* 620 
Internal -balance aileron, original 
condition, model reassembled 




Figure 25^ Lift characteristics of model with internal-balance 
aileron, original condition, model reassembled^ 
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Glenn L. Martin Company Model 
Intermediate section, XB-35 airplane, Sta* 620 
Internal -balance aileron. 
Original condition, model reass^bled 




Figure 25 Drag characteristics of model \slth internal-balance 
aileron, original condition, model reassembled. 



Glenn L« Martin Co« Model 
Intermediate section, XB-33 wing 




Internal balance aileron 
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Aileron deflection^ 6^ , deg 



Plgxire 26 Hinge moment coefficient. Internal balance aileron. 



